Abstract: Dwarka scheme part
Introduction
National Capital Territory of Delhi has experienced a explosive population growth in last few decades on account of natural population growth & massive in-migration of people from other parts of country. This has resulted into inevitable urbanization. Dwarka Sub-City located in South-West Delhi is part of the Urban Extension of MPD-2001 of National Capital Territory of Delhi and it has been planned to cater to the ever increasing housing requirements of Metropolitan Delhi. With a total area of 5648 Ha, Dwarka Sub-City is ultimately meant to house a population of about 1.3 million people. The area encompasses planned / regulated development (1-29 sectors) and unplanned areas (Housing colonies, villages and Built-up Area), whereas the 1688 Ha is designated as built-up area and the balance 3960 Ha is under the planned / regulated development. Dwarka is developing fast with more than 400 Group Housing Societies & 11000 DDA Residential Freehold Flats (in Four and Multistory Buildings), 3100 Residential Plots, housing colonies apart from commercial complexes, District centers, public places etc in various sectors. For the present population of approximately 5 laks the present water demand of the area is 10 MGD and the water received by the area from the concerned water supply agency is approximately only 2.8 MGD thus, forcing its residents to depend to the maximum on Ground Water to fulfill their daily water demand for domestic & non domestic uses. As a result of which almost all the housing Societies, Private owners etc and some of the DDA colonies have installed tube wells/bore wells to meet their daily water requirement. The rampant extraction of Ground water has not only resulted in decline in Water table at very fast pace in the area but also degradation in the quality of ground water, as the salinity in Ground Water increases with depth in the area.
II.
Aim of the study:
The study aims to formulate the strategies to mitigate the water crisis in urban areas of India through Rainwater Harvesting technology and it lays emphasis on in-situ conservation of surplus monsoon runoff for future use i.e. Aquifer storage & Recovery technique. This besides augmenting the qualitative & quantitative potential of Ground Water would help in preventing soil erosion & flooding in urban areas. For the purpose of study Dwarka Sub-city has been taken for reference.
III.
Methodology and Analysis:
The study primarily involved the in-depth study of the Land Use Master Plan of the area, Field Survey of the entire area & interaction with the residents, Consultants/Government agencies/NGO"s involved in the field, so as to have a wider overview of the problem related to the scarcity of the water and Ground Water in the Sub-city. The area is underlain by older alluvium and from the study of Tube-well strata charts (obtained from the secondary sources) and interpretation of the Geophysical survey results it was observed that a thick pile of alluvium is overlying the basement rock (located by and large at a depth of 300m b.g.l in the area) and it consists of alternate layer of silt, clay, sand and kankar. Nearly fine to medium Sand silt grade sediments occuring frequently up to the depth of 50 m along with clayey bed admixed with Coarse kankars. On the other hand after the depth of 50 m, silty-clay and clay beds with Kankars increases with depth. Beyond the depth of 100 m bgl although the clay beds are common but, the granular zones are not frequent . The presence of frequent clay beds with less frequent granular zone at deeper depth indicated non flushing conditions at deeper depth, resulting in higher concentration of Salinity with depth.
The study of the Ground Water quality & its variation with depth in Dwarka Sub-city was based on the Physico-Chemical characteristics determined for the Ground Water samples collected at widely spread 35 locations with sources varying in depth from 100 ft to 300 ft. The study indicated that the ground water in the area is generally moderately to high saline in nature with Electrical Conductivity more than the potable value of 1000 μS/cm and Total Dissolved Solids above the desirable limit of 500mg/l ( although within the permissible limit of 2000mg/l) in almost entire area. It further showed that the Salinity in ground water increases with depth.
The Ground Water Level Behaviour in the area was analyzed by recording depth to Water level at 22 locations (widely spread in the area) during Pre-Monsoon period i. The study established the declining trend of Ground Water in Dwarka Sub-city further it also indicated that the areas where, the rate of natural recharge is not enough to compensate the Ground Water withdrawal rate are increasing with annual rate of decline by an large varying between 0.2 to 1m .
For the present Research, the "Ground Water Potential was determined for each sector, by the "Specific Yield Method" i. 
BUA-Built-up Area
Since the whole infuse of the study is optimized recharging of ground water reservoir through Rainwater Harvesting system, for dilution of Salinity, hence it involved the detailed study & analysis of the Rainfall Pattern, its Quality and Rainfall potential. The rainfall pattern in the area was analyzed based on the rainfall data available from Indian Metrological Department, for a sufficiently long period. The distribution of rainfall in the area was found to be non-uniform in time & space, varying from year to year and mostly concentrated to the monsoon months from July to September. Based on the isohyetal Map of Delhi the annual rainfall in the area was observed to be 600 mm for the area .The rainwater samples collected during the monsoon month (July) in the year 2007 & 2008, indicated the variation of Rainwater pH from 6 to 6.5 ( indicating its acidic nature) while TDS was found to be negligible.
Rainfall yearly Potential was determined for each sector considering the four factors of Rainwater Harvesting Scheme ie Roof Top Potential, Road Area Potential, Open area Potential and Total Rainwater Potential. The Rainwater Potential was determined using the formula: Rainfall Potential=A×C×I, where, AArea of the catchment, C-runoff coefficient, I-average annual Rainfall. The runoff coefficients taken for each category of the catchment, for calculation of the Rainfall Potential is as per the prescribed values such as Roof Top-85%, Road Area-70% and Open Space/green area-30%. The Roof Top, Road Area and Open space areas for each sector were determined, on the basis of the study of the Layout Plans of the sectors and interpretation of satellite imagery. The Total rainwater potential is obtained by adding Roof Top Road Area and Open space potential. The detailed Sector-wise analysis of Rainwater Potential for Dwarka Sub-city is presented below: as 20% and for Built-up Area as 70 %.  It is assumed that Ground water is required for meeting the water demand for 50 % population of the area
•
Nuclear Research Laboratory, IARI has estimated that direct Ground Water Recharge from rainfall infiltration has wide range of spatial and temporal variation, with most parts receiving less than 8 % recharge from rainfall. But on an average only 10 % of the Annual Rainfall is considered as Potential Recharge without any artificial effort Hence, in the present study, It has been assumed that in the absence of artificial recharge efforts, the Natural Recharge to Ground Water would be = Annual rainfall × Area of Sector × 10 % Total recharge to Ground Water = Recharge through natural process + Recharge through artificial efforts. Based on the above assumptions the annual decline obtained after rainwater harvesting with artificial efforts is presented below in the From the above Chart it was observed that with rainwater harvesting the annual decline in water table can be brought down considerably. The Impact Assessment study of Total Rainwater harvesting on increase in Ground Water Potential is based on the following assumptions:  It is assumed that the evapo-transpiration losses or any other losses are negligible in nature. Hence Ground Water development is calculated considering that all the Rainfall runoff generated is used to recharge the Ground Water reservoir.
The Ground Water Development after Harvesting was obtained by adding the Rainwater Potential to Gross Recharge / Recoverable Recharge. Based on the above assumptions the % increase in Gross or Recoverable Recharge obtained is presented in the Table & Chart below: 
